A new chitinase inhibitor, CI-4, was isolated from the culture broth of a marine bacterium Pseudomonas sp. IZ208. The structure of CI-4 was determined to be cyclo(L-Arg-D-Pro) by spectral studies and comparison with a synthetic sample. CI-4 showed inhibitory activity against chitinase.
In this paper we describe the identification of chitinase inhibitor producing bacterium, as well as the isolation, structural determination and biological properties of CI-4.
Materials and Methods

General Material
Chitinase from Bacillus sp. was purchased from Wako Pure Chemical Ind., Ltd. IR spectra were measured with a Jasco FT/IR-7000 FT-IR spectrometer. Optical rotation was taken with a Horiba SEPA-300 polarimeter with a 5cm micro cell. XH NMR,WHCOSY, 13C NMR, HSQC, NOESYand HMBCspectra were recorded with a Varian Unity 500 spectrometer, using D2O and DMSO-J6as solvents. The FAB-MSspectrum (FABMS) was measured with a Jeol JMS-SX102 mass spectrometer.
Microorganisms
Marinebacteria were isolated from seawater samples and sediment samples, which were collected at several points at Hamanako, Yaizu, Shimizu, Numazuand Izu areas in Shizuoka Prefecture, Japan.
Fermentation
Aloopful of microorganisms grownon an agar slant was inoculated into a 500 ml Erlenmeyer flask containing JAN. 1996 150ml of El medium composed of seawater 750ml, distilled water 250 ml, Bacto-peptone 5.0 g, Bacto -yeast extract 1.0g, glucose 2.0g and FePO4 0.01g (pH 7.7 before sterilization) and incubated for 4 days at 20°C on a rotary shaker (120 rpm).
Taxonomic Characterization
The bacterial strain was identified according to
Bergey's Manual of Systematic Bacteriology7). Physiological and biochemical studies were mainly performed with the bacterium grown in El medium. The mol% guanine-cytosine (G + C) content of bacterial DNAwas determined by HPLCwith a catalytic reaction using nuclease PI (Yamasa Shoyu Co.)8). The morphological study was carried out mainly by transmission electron microscopy. The isoprenoid quinone composition of each strain was analyzed by LC-MS9).
Measurement of Chitinase Inhibitory Activity by Agar
Plate Method
Chitinase inhibitory activity was measured by the agar plate methodusing copper sulfate as a positive standard as reported previously6).
Chitin degrading bacterium EY410 was suspended in 1.0ml of 75%seawater, the concentration of which was controlled to absorbancy 1.0 at 660nm. and trypsin inhibitory activity was performed according to Erlanger's method1 1}.
Results and Discussion
Taxonomyof the Producing Organism Marine bacterium strain IZ208 was subjected to the standard biological and physiological tests with the results shown in Table 1 . A transmission electron micrograph is shown in Fig. 1 . The colony was smooth, circular and pigmented with a beige color. The strain was an aerobic Gram-negative rod (0.8 x 2.1 /mi), and it was motile with a polar flagellum. The strain could grow at 0~7.0% NaCl concentration.
The catalase and 77 oxidase tests were both positive, and the O/F test was negative. The G+Ccontent was 65.9mol%. The major isoprenoide quinone was ubiquinone-9. According to Bergey's Manual of Systematic Bacteriology, the strain was identified as Pseudomonas sp. Isolation and Purification Bioassay-guided isolation of the solution was successively performed by using the agar plate method6). Ten liters of the fermentation broth of the strain IZ208 was centrifuged at 18,800xg for 15 minutes to provide a supernatant, which was extracted with ethyl acetate. Inhibitory activity was recovered in the aqueous layer. The active aqueous layer was applied to an activated Boc-Arg(Mtr)-Pro-OBzl (iV-a-t-butoxycarbonyl-co-A^-(4-methoxy-2, 3 , 6-trimethylbenzenesulfonyl)-arginylproline benzyl ester) was prepared by the condensation of Boc-Arg(Mtr) and Pro-OBzl by the standard method using DCC12). Boc-Arg(Mtr)-Pro-OBzl (404mg) was stirred in 1 ml ofTFA/anisole solution (9 : 1) at 50°C for 1.5 hours. The solution was evaporated, 3ml of water, was added and the pH was adjusted to 6.0 by addition of TEA. The solution was kept at 80°C for 16 hours. Finally, cyclo(Arg-Pro) was separated by ODS-HPLC (conditions of HPLCare described at the "Isolation" section of this report) and cyclo(Arg-Pro) was isolated as 65 mg of white powder. Three kinds of cyclo(Arg-Pro) JAN. 1996 isomers
were synthesized by using this method.
Structure Determination
The physico-chemical properties of the chitinase inhibitor CI-4 are summarized in Table 2 . HR FAB-MS showed its molecular formula to be C11H19N5O2. The IR spectrum exhibited a strong absorption peak at 1673cm"1 and no absorption at 1550cm"1 which implied the existence of a diketopiperazine ring in the molecule.
All XH and 13C signals in NMRwere assigned by WHCOSY, HSQCand HMBCexperiments and are listed in Table 3 . These suggested that CI-4 consisted of Arg and Pro moieties. The diketopiperazine structure Merck, Kieselgel 60 F254: BuOH-CH3COOH-Pyridine-H2O (4:l:l:2). Table 3 . Chemical shift in the XH NMRand 13C NMRspectra of the CI-4 and synthetic cyclo(Arg-Pro) isomers. Measured in D2O at pD 3.0 and *in DMSO-d6. Table 4 . Optical rotations of CI-4 and the synthetic cyclo(Arg-Pro) isomers. (Fig. 2) . These data suggested the plenary structure of cyclo(Arg-Pro)
for CI-4.
The NOEexperiment of CI-4 exhibited a cross peak between H-6 (a-proton of Pro) and H-10 (/?-proton of Arg) (Fig. 2) , which suggested that the a-carbons of these two amino acids had opposite configurations hibitory activity at a concentration of 50 /zg/disk, which was almost similar to that of the reference, CuSO4, as shown in Table 5 . Inhibitory activity of cyclo(D-Arg-LPro) was weaker than CuSO4. L-Arg, D-Arg, L-Pro, D-Pro and cyclo(Gly-Gly) did not inhibit chitinase. 
.+å +å : strong activity, -f: normal activity, +: weak activity, -: no activity. showed 18%inhibitory activity by the enzyme method, which was slightly weaker than CuSO4 (Table 6) As CI-4 shows no toxic characteristics, it might find applications as biochemical tools for the development of new types of drugs. Morphological studies against fungus and yeast by cyclo(Arg-Pro) are now under investigation.
